Aims The aim of this study is to describe the incidence and characteristics of neovascularization in the fellow eye of patients with retinal angiomatous proliferation (RAP). Methods This is a retrospective study conducted on all patients with a diagnosis of unilateral RAP commencing treatment in a single centre between November 2002 and January 2010. Clinical biomicroscopic examination, fluorescein angiography, and if required, indocyanine green angiography, and optical coherence tomography were used to evaluate all patients. Results In all, 37 patients had a follow-up of X1 year, 28 X2 years, and 11 X3. Patients who developed RAP in the fellow eye were: 2 of 37 (5.4%) within 1 year of follow-up, 4 of 28 (14.2%) within 2 years, and 4 of 11 (36.3%) within 3 years. Conclusion In our case series, the risk of neovascularization in the fellow eye of patients with unilateral RAP increased with time. Approximately one-third of patients with a 3-year follow-up developed a bilateral disease. Our findings warrant further large-scale investigation.
Introduction
In 1992, Hartnett et al 1 described for the first time a particular form of wet age-related macular degeneration (AMD) characterized by a deep retinal vascular anomalous complex. Subsequently, Yannuzzi et al 2 proposed the term retinal angiomatous proliferation (RAP) to describe this distinct subgroup of neovascular AMD (nAMD). They identified three stages of the disease.
Stage 1 consists of capillary proliferation within the retina (intraretinal neovascularization); stage 2 is determined by the extension of the neovascularization into the sub-retinal space (sub-retinal neovascularization) and is associated with serous PED; in stage 3, retino-choroidal anastomosis and true choroidal new vessels are present (choroidal neovascularization, CNV).
RAP has been estimated to account for 12-15% of newly diagnosed nAMD 3 and is believed to have a different natural course and response to therapy compared with standard CNV. 4 A range of alternative treatment options have been reported in case series with limited evidence of efficacy. [5] [6] [7] [8] [9] [10] No randomized controlled data have been published to date; the prognosis of RAP is currently considered to be poor.
Gross et al 11 have reported that, in patients with unilateral RAP, a neovascular event in the fellow eye occurs at an annual and accumulative rate that far exceeds that for other forms of nAMD, with a bilateral involvement in 100% of cases within 3 years.
These findings, although now considered well established, have not been confirmed by other authors yet. In this study, we aimed to assess the risk of neovascularization in the fellow eye of patients presenting with unilateral RAP.
Materials and methods
We performed a retrospective review of medical records of all patients commencing treatment for nAMD at the St Paul's Eye Unit, Clinical Eye Research Centre, Liverpool, UK, between November 2002 and January 2010 with a baseline diagnosis of unilateral RAP. Routine assessment at baseline included best-corrected visual acuity (BCVA) and contrast sensitivity using a full refraction protocol and recorded as letters read at 1 m on an Early Treatment Diabetic Retinopathy Study (ETDRS) chart and Pelli Robson chart, respectively; slit-lamp biomicroscopy and ophthalmoscopy; stereoscopic 30/351 fluorescein angiography using either a Zeiss FF450plus digital camera (Carl Zeiss Meditec AG, Jena, Germany) or Heidelberg retina angiograph scanning laser ophthalmoscope (Heidelberg Engineering GmbH, Heidelberg, Germany).
Most of the patients also had indocyanine green angiography and optical coherence tomography (OCT) (STRATUS OCTFCarl Zeiss Meditec, Inc, Jena, Germany; 3D OCT-1000FTopcon Inc, Paramus, NJ, USA; SPECTRALIS OCTFHeidelberg Engineering GmbH).
Patients were followed 1-3 monthly according to their therapeutic regimen. At each follow-up visit, BCVA and slit examination were performed, together with OCT in the majority of patients. Fundus fluorescein angiography was typically carried out 3 monthly and in any case in which the retina specialist felt it necessary.
For the purpose of this study, all angiograms were independently reviewed by two ophthalmologists (CC and HH) and two masked graders (DP and JD) of the Liverpool Reading Centre. Only cases with unanimous consensus in the diagnosis were included in the study.
Results
The clinical records of 141 patients with a diagnosis of RAP were reviewed.
In total, 52 subjects had a RAP in one eye and nonspecific end-stage disease in the fellow eye; an additional 52 were excluded from the study because of poor quality of angiograms or no consensus in the diagnosis in either eye. Altogether, 37 patients were diagnosed with unilateral RAP and no signs of neovascularization in the fellow eye at baseline. These were 7 males and 30 females, all Caucasian; their ages ranged from 58 to 89 years (mean 79.7). In all, 37 patients reached a follow-up of at least 1 year; 28 of at least 2 years, and 11 of X3 years (Table 1) . RAP lesions were classified as stage 1 in 12 subjects, stage 2 in 20, and stage 3 in 5 subjects. RAP was multifocal at presentation in 10 eyes.
In all, 12 patients were treated with verteporfin photodynamic therapy (VPDT), 13 with VPDT combined with intravitreal triamcinolone acetonide (IVTA), 10 with intravitreal ranibizumab, 1 with VPDT combined with IVTA and subsequently ranibizumab, and 1 with argon laser.
A neovascular lesion developed in the fellow eye as follows: 2 of 37 (5.4%) within 1 year, 4 of 28 (14.2%) within 2 years, and 4 of 11 (36.3%) within 3 years. Other four patients had a bilateral involvement before the end of their fourth year of follow-up (Table 1) . Overall, 10 cases had a bilateral lesion: the type of nAMD in the fellow eye was always a RAP. This was classified as stage 1 in four cases and at stage 2 in the other six.
No correlation was found between the stage of RAP at presentation in the first eye and in the fellow eye; the only patient with a multifocal RAP in the fellow eye had the same type of neovascular lesion (multifocal) in the first eye (Figure 1) .
In four patients with bilateral involvement, the neovascular lesion in the fellow eye was in the same area of the fundus as in the first eye (Figure 2) .
Among the 37 patients, the fellow eye had large drusen in 14 cases, pigment clumping in 29, and areas of retinal pigment epithelium atrophy in 31. In all, 9 out of 10 patients who developed a bilateral lesion had retinal pigment epithelium atrophy and pigment clumping in the fellow eye before RAP development; 6 out of 10 had also large drusen (Table 1) .
Discussion
During the last decade, RAP has been variously termed 'retinal vascular anomalous complex', 1 'occult chorioretinal anastomosis', 11 and 'type 3 neovascularization'. 3 For a long time it has been a matter of debate whether the initial neovascular process originated from the retinal 2 or choroidal circulation.
11
However, a recent histological study indicated that RAP stage 2 correlates histopathologically with a neovascular intraretinal angiomatous complex, without the presence of sub-retinal pigment epithelial neovascularization. 12 This distinction between RAP and standard CNV is of clinical importance as there appear to be different responses to treatment for these two forms of neovascularization. 4 RAP lesions have been excluded from the large, multicentre, randomized controlled trials of pegaptanib and ranibizumab.
Yannuzzi et al 13 in a recent editorial have argued that RAP is an aggressive disease with a predictable symmetry and bilaterality. The same authors had previously shown in a consecutive series of 52 patients an incidence of bilateral involvement of 40% within 1 year, 56% within 2 years, and 100% within 3 years. 10 Incidence of RAP in the fellow eye C Campa et al
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These findings, if confirmed, would imply that patients with RAP should be followed more frequently than other patients with nAMD putting strain on services.
In our study, although performed on a smaller number of patients, we found a lower rate of incidence of RAP in the fellow eye. Differences in the study populations (ie, age, race and so on) could explain the discrepancy. It is also possible that the aggressive cases, who quickly became bilateral, only presented when the second eye was affected and therefore missed from this study. In our retrospective case series, in fact a considerable number of patients already had a disciform lesion in the fellow eye and therefore were excluded. However, the low incidence rate in the fellow eye found in the study prompt us to suppose that there may be a subset of patients in which the disease shows a lower tendency to bilaterality.
Another possible explanation could lie in the treatment received by the patients in their first eye in our case series. The risk of developing CNV in the fellow eye for patients receiving intravitreal injections of anti-VEGF drugs may be lower when compared with historic controls.
14 It has been reported that anti-VEGF compounds can affect the uninjected eye with mechanisms not well elucidated but that may involve the escape of the molecule into the systemic circulation. 15 The incidence of a neovascular lesion in the fellow eye in our series appears, however, higher than the 28% in Incidence of RAP in the fellow eye C Campa et al 3 years previously reported for standard CNV in the Macular Photocoagulation Study. 16, 17 This finding supports the fact that RAP is a more aggressive subgroup of nAMD.
Similar to previous reports, 10 we found the neovascularization that develops in the fellow eye of these patients to be RAP in all our patients. Moreover, in our case series, 40% of the lesions in the fellow eyes appeared in the same retinal location as in the first eye. The only patient with a multifocal RAP in the fellow eye had the same type of lesion in the first eye.
Retinal pigment epithelial atrophy and focal hyperpigmentation were very common features in the fellow eyes developing RAP. Their presence may represent an important risk factor. This study has several limitation related to the retrospective nature and the small number of patients. Overall, our findings show that RAP does not always involve both eyes, at least within a period of 3-4 years. Prospective studies with larger sample size and longer follow-up are needed to further explore the characteristics of this disease.
Summary
What was known before K RAP is a bilateral disease in 100% of patients within 3 years.
What this study adds K In our case series, the incidence of RAP in the fellow eye is much lower (36.4% at 3 years) compared with previous report. 
